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Samples from five sites on the Barren River were
assayed during a one year period from March 1978 to
February 1979 for the presence of Clostridium perfringens.
These five sites were chosen in relation to their location
to the effluent discharge pipe from the Bowling Green,
Kentucky, sewage treatment plant.

One collection site was

located upstream from the discharge point; one station was
directly from the mouth of the pipe; and three were located
at intermittent points downstream from the discharge point.
When counts on the primary isolation medium, egg
yolk-free tryptose-sulfite-cycloserine agar (EYF-TSC agar),
were compared for each station, the effluent was shown to
have a significantly higher mean CFU/ml (p< 0.05) than the
other four stations for sulfite-reducing organisms
(46 CFU/ml), C. perfringens (31 CPU/ml) and total aerobic
chemoorganotrophs (48,000 CFU/ml).

Of the physical-chemical

Parameters measured at each station only the mean nitrogennitrate (8.8 mg/L) and phosphate (1.13 mg/L) levels were
significantly elevated (P< 0.05) from the EFF as compared
to the other four stations.

Mean values over the sampling
vii

period for dissolved oxygen, pH, air temperature, water
temperature, iron and turbidity did not differ significantly
(p< 0.05) from station to station.

Measurements of river

flow rate, river stage and precipitation in the 24 hours
preceeding sampling were applied uniformly to each of the
stations, consequently no variations between the stations
were expected or demonstrated.
The physical-chemical factors that were statistically
associated with, or influenced, the changes seen in the C.
perfringens and sulfite-reducing organism counts at the
effluent appeared to be nitrate, phosphate and river flow
rate.

These three factors acted independent of each other

in their statistical correlation with the bacterial counts.
The other physical-chemical parameters measured had no
statistical correlation with the counts.
A new presumptive test for the identification of C.
Perfrinaens, the reverse CAMP test (RCT), was investigated
and demonstrated to be a reliable test procedure.

Of the

organisms giving a RCT positive test, all were identified as
C. perfringens.

Alternatively, 97.8% of the organisms

giving a RCT negative test were identified as being
Clostridium spp

other than C. perfringens.

The false

positive rate for the test was 0.0% while the false negative
rate was 2.2%.
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INTRODUCTION AND LITERATURE REVIEW
Clostridium perfringens has been firmly established
as a medical pathogen since the First World War when the
organism was identified as the causative agent of many cases
of gas gangrene (Weinberg and Seguin, 1918).

Although

recognized as a pathogenic agent it was believed that C.
perfringens rarely caused disease other than gas gangrene.
However, earlier investigators in Europe and the United
States demonstrated that C. perfringens could cause foodborne gasteroenteritis (Hobbs, et al., 1953; McClung, 1945),
and the widespread nature of gasteroenteritis in humans
caused by C. perfringens was subsequently substantiated
(Sutton and Hobbs, 1968).

The toxic effect has been shown

to be due to an enterotoxin produced by the organism
(viwanti, 1978; Skjelkvale and Uemura, 1977) which may be
associated with sporulation of the bacterium (McDonel and
Duncan, 1977).
The recognition of the pathogenic potential of C.
perfringens led to numerous investigations designed to
determine its prevalence in varied environments.

The

organism was found to be indigenous in the human intestinal
tract in concentrations as high as 1 x 109 cells per gram
of feces (Sutton, 1966; Akama and Otani, 1970).

The organism

has been isolated from various animal species (Niilo, 1978;
Prescott, et Al., 1978; Ochoa and de Vtdandia, 1977) in which
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gasteroenteritis symptoms may also develop.
Various investigators have isolated 21. Perfringens from
soil and water (Matches, et

al.,

1974; Yamagishi,

1964; Smith and Gardner, 1949) as well as from various
foodstuffs (Hobbs, et Al., 1953; Strong, et Al., 1963).

In

particular, much data has been published on isolation
procedures and media for C. perfringens from food sources and
clinical specimens (Marshall, et al., 1965; Angelloti,
1962; Harmon, et Al., 1971; Erikson and Deibel, 1978).
Equally represented are publications comparing one medium
with another for efficiency and selectivity for isolation of
C. perfringens (Hauschild and Hilsheimer, 1974; Hauschild,
et Al., 1977).
In spite of the research directed towards detecting C.
perfringens in foods as an indicator of a potential health
hazard or in feces as confirmation of the etiological agent
in gasterointestinal malaise, relatively little work has
been done to determine whether or not C. perfringens can
possibly be present in sufficient quantities in an aquatic
environment to pose a potential health hazard.

The organism

has been used as an index of the fecal contamination of water
and its presence may indicate that enteric pathogens are
present (Klein and Houston, 1899; Taylor, 1958).

The aspect

of quantitating the organism in water over a time span to
determine if the organism is in high enough numbers to be a
potential health hazard has been overlooked.
The medium selected for use in isolating and enumerating
C. perfringens from the river was egg yolk-free tryptose-
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sulfite-cycloserine agar (EYF-TSC) of Hauschild and Hilsh
eimer
(1974).

The decision to use this medium was based on a

literature review of current papers concerning isolation
media for C. perfringens.

A variety of different media

including sulfite-polymyxin-sulphadiazine agar (SPS)
(Angelloti, 1965), tryptose-sulfite-neomycin agar (TSN)
(Marshall, et gl., 1965), Shahidi-Ferguson perfringen agar
s
(SFPA) (Shahidi and Ferguson, 1971), tryptose-sulfitecycloserine agar (TSC) (Harmon, et Al., 1971) and
oleandomycin-polymyxin-sulphadiazine perfringens agar (OPSP
A)
(Handford, 1974) have all been proposed, compared and
critisized by various authors.
The decision to use EYF-TSC agar was based on severa
l
factors including (1) reportedly high inihibition
of other
bacterial species; (2) relative lack of inhibition
of C.
perfringens colonies; (3) sulfite reduction compo
nents which
resulted in readily discernible black colonies; and
(4) the
lack of egg-yolk which eliminated the lecithinas
e reaction
but enhanced the enumeration of the colonies,
also made the
preparation of the medium simpler and reportedly
did not
adversely affect the selectivity of the medium.

Lastly,

the use of the pour plate technique facilitate
d easy processing
of the specimens and did not adversely affec
t the number of
organisms recovered (Hauschild and Hilsheimer, 1974;
Hauschild, et al., 1977; Harmon, et Al., 1971;
Smith, 1972).
Only one article (Mossel and Pouw, 1973) has
reported
the suitability of TSC agar for enume
rating C. perfringens
in water, although Bisson and Cabelli
(1979)

made an
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inference with references that EYF-TSC agar was also
suitable for the same purpose.

Therefore, the actual

application of EYF-TSC agar for the isolation and enumeration
of C. perfringens from river and sewage water is presumably
novel.
Various techniques for the identification of C.
Perfringens have been reported.

These tests included

nitrate-reduction and motility in supplemented nitratemotility medium (Hauschild, et Al., 1974) which gave more
intense nitrate color reactions and had a longer shelf-life
than unsupplemented nitrate-motility medium (Angelotti, 1962);
lactose fermentation and ,:elatin hydrolysis in lactosegelatin medium (Hauschild and Hisheimer, 1974); lead acetate
test (Hauschild, et al., 1977); characteristic hemolysis on
blood agar (Bergey's Manual of Determinative Bacteriology,
8th ed., 1974) and the Gram stain.

The need for supplementary

identification tests when using EYF-TSC agar was suggested
by the originators of the medium as well as other investigators
due to the fact that other Clostridium spP. can reduce
sulfite and produce black colonies in the medium (Hauschild,
et al., 1977; Handford, 1974; Angelotti, et Al., 1962;
Harmon, et Al., 1971; Hauschild and Hilsheimer, 1974).
Those other sulfite-reducing Cloztridium spp, include
C. bifermentans. C. sordenelli, C. tertium, C. celatum,
C. paraPerfringens, C. sPoroFenes, C. botulinum and C.
butvricum.
Since the discharge of the Bowling Green, Kentucky,
sewage treatment plant directly enters the Barren River

.5
on the average rate of 5.5 million gallons per day and
since this water is used for both drinking and recreational
purposes, this investigation was conducted to determine
(1) if C. perfringens were being introduced into the river
via the sewage discharge; (2) if the number of C. perfringens
being introduced by the effluent were significantly higher
than the number already present in the river; (3) the number
of C. perfringens downstream from the sewage discharge point;
(4) if some selected physical-chemical factors influenced
the number of C. perfringens in the water; (5) to provide
baseline data for any future studies that may use C.
Perfringens as an indicator organism in the river
environment; and

(6) to determine patterns of perodicity

of C. perfringens in the river.
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Table 1.

SAMPLINGS AND CORRESPONDING CALENDAR DATES

Samplings

Date

3/23/78
2

4/7/78

3

4/23/78

4

5/5/78

5

5/18/78

6

6/9/78

7

6/23/78

8

7/7/78

9

7/21/78

10

8/23/78

11

8/30/78

12

9/20/78

13

9/27/78

14

10/11/78

15

10/20/78

16

11/10/78

17

11/29/78

18

12/15/78

19

1/10/79

20

1/26/79

21

2/9/79

22

')/23/79

Figure 1.

Map of the sampling area and locations of the
sampling sites.

MATERIALS AND METHODS
Description of sampling area
The Barren River and its tributaries drain an area of
approximately 1900 square miles.

The headwaters of Barren

River are in northcentral Tennessee and Monroe County,
Kentucky, and the river flows northwesterly for a distance of
about 158 miles.

The Barren River, which is the largest

tributary of the Green River, joins the Green River southeast
of Morgantown, Kentucky, approximately 17 miles northwest of
Bowling Green, Kentucky.

The main tributaries of the Barren

include Drakes and Jennings Creeks, with the latter stream
entering the river within the sample area.

The Eastern

Pennyroyal physiographic region, characterized by hilly and
Karst topography, is included in the watershed of the upper
125 miles of the stream.
formations in this area

Composition of the underlying
is limestone, shale and siltstone.

Geodic or cherty impure limestone derivatives, mainly Dixon
and Baxter associations, form the soil in the area.
to low soil fertility is considered present.
of the lower

Medium

The watershed

33 miles of the stream (including the sample

area) is rolling and hilly with sandstone (Carter, 1969).
Description of the sewage treatment plant
The source of the effluent discharged into the Barren
River within the sample area is the Bowling Green, Kentucky,

8
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sewage treatment plant.

The plant utilizes an activated

biological-filter system which is a combination of the
activated sludge and trickle-filter processes.
processes and discharges on the average of

The plant

5.5 million

gallons of sewage per day.
Sampliry procedures
For one year the stations designated as upstream (UPS),
effluent (EFF), downstream #1 (DS#1), downstream #2 (DS#2)
and downstream #3 (DS#3) were monitored at approximately
The

bi-weekly intervals except where noted (Table 1).

relative distances between the stations and their proximity
to the sewage treatment plant discharge point are indicated
in Figure 1.
Samples were collected in sterile 99 ml dilution blanks
(total volume 170 ml) with plastic screwcaps containing
sodium thiosulfate at a final concentration of 100 xg/t
("Standard Methods for the Examination of Water and
Wastewater,"

Am. Public Health Assoc., 13th ed., 1971).

A

second set of non-sterile bottles without sodium thiosulfate
was used to collect additional samples of water for use in
chemical analysis.
Water samples at UPS, DS#2, and DS#3 were taken at
midriver while DS#1

water samples were taken from the side

of the river nearest the point of entry of Jennings Creek.
The EFF water samples were taken either directly from the
mouth of the discharge pipe or slightly downstream from the
mouth of the pipe depending on the river's depth.

In all

instances, water samples were obtained from approximately

4
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six to nine inches below the river surface with the open
mouth of the hand held bottles tilted slightly upwards and
pointed upstream.

The filled bottles were promptly capped,

placed in ice and analyzed within two hours after collection.
Sediment samples were obtained from the DS#1 and EFF
stations.

Sterile bottles, as previously described, were

used to scoop samples from depths of approximat?ly 0.5 to 1.5
feet from the south bank of the river at the entrance of
Jennings Creek and at the base of the effluent discharge
pipe.
Samples taken for dissolved oxygen (DO) analysis were
collected at each of the five sampling sites using duplicate
300 ml tapered ground-glass stoppered bottles (BUD bottles).
The method of sampling was the same as described for the
water samples with the exception that the DO samples were
not placed on ice.

Care was used to prevent agitation of

the bottles and contact of the sample with air after
collection.
Physical and chemical analysis of water
Dissolved oxygen was determined by the azide modification
("Standard Methods for the Examination of Water and Wastewater, p.
Am. Public Health Assoc., 13th ed., 1971).

The pH was

determined by the use of a Coleman Model 38-A expanded scale
pH meter which had been standardized with Matheson, Coleman
and Bell buffer solution, pH 7.0, prior to use.

Turbidity,

nitrogen-nitrate, phosphate and iron levels were obtained by
the use of a DR-E1/2 model Hach kit.
were run with samples processed.

Appropriate controls

Air and water temperatures

were obtained at the time of sampling at each station by the
use of two Sargent-Welch Scientific Co. laboratory
thermometers.

River flow rate and stage information was

obtained by phone from the Hydraulics Department of the
Corps of Engineers located in Louisville, Kentucky.

Daily

readings were obtained from the recording station located
upstream from the sampling sites.

Precipitation during the

preceeding 24 hours in Bowling Green was obtained from the
National Weather Service.

Chlorine analysis was provided by

the Bowling Green Municipal Utilities Sewage Treatment plant
which determined chlorine concentrations at the point of
exit of the treated sewage from the plant via the Hach
test method.
Bacteriological analysis of water
Isolation medium
Egg yolk-free tryptose-sulfite-cycloserine agar (EYF-TSC)
(Hauschild and Hilsheimer, 1974) was used as the selective
isolation medium.

The basal medium was prepared in

500-600 ml amounts, autoclaved and kept molten at 50°C until
used.

Just prior to pouring the medium, filter-sterilized

D-cycloserine (Sigma Chemical Co., St. Louis, Missouri
63178) was added to the medium to a final concentration of
400 gg/m1.
Sample preparation
After thorough agitation of the sample bottles one ml of
the sample was transfered to sterile 15 x 100 mm plastic
petri plates (Kimble Co., Division of Owens-Illinois. Toledo,
Ohio 10600).

When necessary, serial ten-fold dilutions were
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made in nine ml blanks containing 0.1% peptone-water.

The

latter diluent was chosen because peptone-water has been
shown to prevent loss of viable cells during dilution
procedures (Hauschild, et Al., 1967; Straka and Stokes,
1957).

One ml of each dilution was then transfered to

duplicate plates to which EYF-TSC agar was added.

The plates

were incubated at 350C for 18-24 hours, and the resultant
colonies were counted.

When a 450C incubation temperature

was used, duplicate plates for each dilution were employed.
Choice of incubation temperature was determined by preliminary
experiments utilizing five stock cultures of C. perfringens
provided by Dr. C.L. Duncan (Campbell Institute for Food
Research, Camden, New Jersey 08101).

The incubation time

was limited to no more than 24 hours to avoid excessive
colony size that could interfere with counting (Bisson and
Cabelli, 1979).

Anaerobiosis was obtained by use of

anaerobic jars (BBL, Gas-Pak) as recommended by Rosenblatt,
et al. (1973).
Identification procedures
Following incubation, the number of black colonies
appearing on each plate was recorded, and selected colonies
were picked from the agar with an inoculating wire for
transfer to identification media.

Since various authors

recommend isolating different numbers of colonies for
identification ranging from five to 10 (Harmon, et al., 1971;
Hauschild and Hilsheimer, 1974) 10% of the colonies from
plates of a particular dilution was selected.

The actual

counts of C. perfring,ens were thus determined by taking a
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selected number of the black colonies from the EYF-TSC agar
plates, subjecting them to the test procedures, and
subsequently computing the percentage of the total number
of black colonies that were C. Perfringns based on the ratio
of C. perfringens to non-C. perfringens in the biochemical
test population.
The identification process included inoculation of
tubes of supplemented nitrate-motility medium (SNM)
(Hauschild and Hilsheimer, 1974), lactose-gelatin medium
(LG) (Hauschild, et al., 1977) and tryptic soy agar plates
with 5% sheep blood (BAP) (GS Media, Lexington, Kentucky
40504).

Gram stains were made of cells from each colony

picked to determine morphological characteristics.

The

tubes of identification media and BAP were incubated
anaerobically in Gas-Pak jars for 18-24 hours before being
read.

A description of reactions is given in Table 2.

Hydrogen sulfide (H2S) production was detected by the
blackening of paper disks impregnated with a saturated lead
acetate solution held inside the LG tube (Dr. D.H. Waley,
CDC Atlanta, Georgia 30333, personal communication).
Nitrate reduction was determined after the addition of five
dr - ps of sulfanilic acid and five drops of N,N-dimethyl-lnapthylamine (Sigma Chemical Co., St. Louis, Missouri 6)178)
to each SNM tube.

Blood agar plates were examined for double

zones of beta-hemolysis characteristic of C. perfringens.
Cram-stained slides were reviewed to confirm the presence of
gram-positive, rod-shaped bacteria.

A stock culture collection

of selected isolates was maintained in tubes of fluid

gram-positive rod
without spores

gram-negative rod

no zone of hemolysis or
double hemolysis

no growth away from
stab line

no red color at top of
tube

no darkening of lead
acetate soaked discs

no bubbles formed in
medium

medium turns solid after
20 minutes at 5° C

medium appears red

Negative

Tests were performed after the inoculated medium had incubated at 37°C
for 18-24 hours.
Gram stains were done only with 18-24 hour old cultures.

1

Gram-Stain

diffuse growth away
stab line

kotility

Gram-Stain
Procedure

red color at top of
tube

Nitrate reduction

strong inner and weak
outer zone of betahemolysis

darkening of lead
acetate soaked discs

H2S production

Hemolysis

._

,

bubbles formed in
medium

Gas production

medium remains liquid
after 20 minutes at
50 c

Gelatin hydrolysis

Positive
medium appears orangeyellow

i

Re ctions

Lactose
Fermentation

Test

INTERPRETATION OF STANDARD IDENTIFICATION TESTS1

Sheep Blood
Agar Plates

NitrateMotility

Lactose-Gelatin

Medium

Table 2.
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thioglycollate medium (Difco, Detroit, Michigan 48232)
supplemented with 0.1% agar and 2.0% glycerol and stored
at 4°C.
Three additional identification procedures were done on
a non-routine basis on organisms comprising the stock culture
collection.

The BBL-Minitektm

system (Baltimore Biological

Co., Cockeysville, Maryland 21030) was evaluated for its
ability to confirm various isolates identified as C.
perfringens and to further identify those cultures designated
as non-C. perfringens by the routine test procedures (Stargel,
et al., 1976).
The second procedure was a novel one called the reverse
CAMP test (RCT).

In this procedure the isolates were used in

lieu of beta-hemolytic Staphylcoccus aureus as the "indicator"
organism in the normal CAMP test procedure (Darling, 1973).
Known CAMP positive Streptococcus agalactiae and CAMP negative
Strutococcus pvogenes were streaked perpendicular to the
Clostridium indicator strain on BAP which were then
incubated anaerobically in Gas-Pak jars at 350C for 18-24
hours.

The development of a typical arrowhead zone of

hemolysis between S. agalactiae and the isolate was
interpreted as a presumptive confirmation of the Clostridium
sp. tested as being C. perfringens.
The third procedure was gas-liquid chromatography.
Cultures were analyzed for both volatile and non-volatile
eases after being grown for 48 hours in fluid thioelyc
ollate
medium.

Extraction procedures followed were those used in

the anaerobic bacteriology laboratory of
Baptist Hospital

16
Hospital Nashville, Tennessee.

Peaks were compared to those

for various Clostridium SPP. obtained by the VPI Anaerobe
Lab (Holdeman, et Al., 1977).
Standard plate counts and coliform counts
Total aerobic chemoorganotropic counts at each station
were determined using the spread plate count technique as
described in "Standard Methods of the Examination of Water
and Wastewater," Am. Public Health Assoc. (1971).

Prepared

plates of Plate Count agar (Difco) were inoculated with
appropriate dilutions of the water samples prepared in
0.1% peptone-water (w/v) and spread over the surface of the
agar with a sterilized bent glass stick.

The plates were

incubated at 35°C for 18-24 hours and examined for the
development of visible colonies.
Periodically total coliform and fecal coliform counts
were determined by using Millipore tm Coli-Count samplers.
Samples were collected, incubated and counted as directed
by the manufacturer (Microbiological Water Testers, Millipore
Co., Bedford, Massachusetts 01730).

Only water samples

from the UPS, EFF and DS#1 stations were analyzed with this
procedure.
Statistical Analysis
Physical, chemical and bacteriological data were
entered and stored on a DEC-10 system computer.

Multiple

linear regressions, multiple linear correlations, one-way
analyses of variance, correlated t-tests, means, ranges,
standard deviations and modes were calculated by using the
STP-V4 program of Western Michigan University via terminal

hookups between the Data Computing Center at Western
Kentucky University and the University of Louisville.

RESULTS
Physical-Chemical analysis of water
Means and ranges for all physical and chemical tests
are presented in Table

3.

The mean dissolved oxygen (DO)

values for the five stations were not significantly different
(F = 0.008) by analysis of variance.

Figure 2 shows the

perodic trend of DO values throughout the sampling dates.
None of the DO values were lower than the minimum allowable
level of 5.0 mg/L.

No statistical correlation (p<0.05) was

shown between the DO readings and the bacterial counts
(F = 0.0004).

The bacterial counts include C. Perfringens,

sulfite-reducing organisms and total aerobic chemoorganotrophs
and will be designated bacterial counts from this point
forward unless otherwise stated.
The mean pH values for the five stations did not differ
significantly (F = 1.55) from station to station.

Figure

3

summarizes the periodic trend of pH over the sampling period
at each station.

The pH was not determined for the samples

collected on 8/30/78 due to loss of the samples.

All the

pH values were within the limits set for freshwater streams
of 6.0-9.0 (Report of the Committee on Water Quality Criteria,
FWPCA-USDI, 1968).

No correlation was statistically shown

between hydrogen ion concentration and the bacterial counts
(F

3.78).
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-log h+

pH

mg/L

mg/'L
mg/L

Nitrate

Phosphate

Iron

Turbidity

mg/L

DO

Unit

0.106
0-.90

0.45
.075-2.2

3.17
0-11.0

26.59
9.0-70.0

6.59
5.8-7.2

10.70
7.8-15.4

UPS

0-.35

0.103

1.13
0.2-2.0

8.87
0-37.0

27.56
7.0-90.0

6.65
6.1-7.2

10.69
7.7-15.9

EFF

0.056
0-.15

0.44
.18-1.0

3.37
0-7.0

37.56
0-310.0

6.77
6.1-7.3

10.65
7.6-15.0

DS #1

Sampling Sites

0.078
0-.29

0.42
.-5-1.3

3.04
0-8.3

25.12
6.0-7.9

6.77
6.2-7.4

10.60
7.2-15.0

DS #2

(Continued)

0.091
0-.38

0.45
.03-1.6

3.12
0-6.6

26.72
0-110.0

6.2-7.4

6.80

10.60
7.8-15.0

DS #3

MEANS AND RANGES OF PHYSICAL-CHENICAL PARAMETERS AT THE FIVE SAMPLING SITES1

Parameters

Table 3.

q;#

3248

cfs
feet
inches
PPm

Flow Rate

River Stage

Precipitation

Chlorine
0.60

nd 2

nd 2

.1382

nd 2

.1382

9.10

3248

16.45
3-27

21.33
-5-39

DS #

nd

2

.1382

9.10

3248

16.50
3-27

21.05
-4-36

2
nd = not done

means
'values given for both means and ranges (expressed as ranges) are those for over the
entire sampling period.

.1382

9.10

3248

3248
9.10

16.73
6-27

21.09
-4-37

DS #1

Sampling Sites

Continued

17.27
3-27

20.55
-4-35

EFT

.1382

9.10

3-27

16.41

-3-37

20.59

UPS

oc

or,

Unit

Water
Temperature

Air
Temperature

Parameters

Table 3.
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Figure 2.

Dissolved oxygen values at stations UPS, EFF,
DS#1, DS#2 and DS#3.
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Figure 3.

pH values at stations UPS, EFF, DS#1, DS#2 and
DS#3. pH readings were not taken at the time of
the first sampling. Water samples from sampling
#11 were lost before pH was determined.
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The mean turbidity values for the five samples sites
were not statistically different (F = 0.51) although the
mean for DS#1 was the highest value (Figure 4).
are set for turbidity in streams.

No standards

Turbidity of the water

did not affect (p4c0.05) the bacterial counts although on
one occasion, sampling 22, the amount of precipitation in
the preceeding 24 hours did drastically affect the turbidity
readings.
The mean nitrogen-nitrate level for the EFF was
significantly higher (F = 8.81) than the means of the other
four stations.

The ranges and means are represented

graphically in Figure 5. A limit of 45 mg/L nitrogen-nitrate
has been established for drinking water while averages must
be below 10 mg/L to control eutrophication (USPHS, Drinking
Water Standards, Revised 1962).
stations was within these limits.

The river water at all the
A statistical correlation

(F = 17.97) was found between the nitrate levels and the
C. perfringens and sulfite-reducing organism counts at EFF.
The mean phosphate level for the EFF was significantly
higher (p4c0.05) than the other stations means (F = 14.76).
Phosphate ranges and means are graphically represented in
Figure 6.

The recommended limit for phosphates in freshwater

streams is no more than 0.015 mg/L (Standard Methods for the
Examination of Water and Waste Waters, Am. Public Health
Assoc., 13th ed. 1971).

The mean levels for phosphate

exceeded the set limit at all stations.

A statistical

correlation (F = 22.55) was demonstrated between the phosphate
levels and the bacterial counts at EFF.
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Figure 4.

Means and ranges for turbidity of the water at
stations UPS, EFF, DS#1, DS#2 and DS#J.
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Figure 5.

Means and ranges for nitrates present in the
water at stations UPS, EFF, DS#1, DS#2 and DS#3.
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Figure 6.

Means and ranges for phosphates present in the
water at stations UPS, EFF, DS#1, DS#2 and DS#3.
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Mean iron levels were not statistically different
(F = 0.71) from station to station.

Both ranges and means

are graphically represented in Figure 7.

A maximum level

of 0.3 mg/I, iron in freshwater used for drinking purposes
has been set (USPHS, Drinking Water Standards, Revised 1962).
The mean iron levels did not exceed the limit although on
three occasions, UPS Sampling 18, EFF Sampling 16 and DS#3
Sampling 9, the limit was surpassed.

No reason for the high

levels on these occasions was found.

No correlation

(F = 0.069) was found between the iron levels and the
bacterial counts.
Mean air temperature at each station was not significantly
different (PA:0.05) over the course of the sampling period
(F = 0.015).

No statistical correlation was noted between

air temperatures and the bacterial counts (F = 0.032).
The periodic trend for air temperatures(and water temperatures)
are presented in Figure 8.
Mean water temperatures at each station were not
significantly different (p< 0.05) over the 22 samplings
(F = 0.055).

No statistical correlation was detected

between the water temperature and bacterial counts (F = 0.24).
The average flow rate over the year-long sampling period
was 3248 cubic feet per second (cfs).

It was assumed that

the river flow registered at the monitoring station
corresponded to the flow rate at the sampling sites.

Regression

analysis showed that the flow rate did influence the bacterial
counts when correlated to the counts over all five stations
throughout the sampling period (F = 6.50).

However, further

Figure 7.

Means and ranges for iron present in the water
at stations UPS, EFF, DS#1, DS#2 and DS#3.
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Figure 8.

Water and air temperatures at stations UPS, EFF,
DS#1, DS#2 and DS#3.
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analysis showed that the flow rate contributed only about
5% of the variability seen in the counts and contributed
only 4% to the variability in EFF bacterial counts of
Perfringens and sulphite-reducing bacteria.
As with the flow

The mean river stage was 9.1 feet.

rate, the river stage was assumed to be the same at the
sample sites as at the monitored site.

Regression analysis

showed that no variability in the bacterial counts was due
to the river stage (F = 0.001).
The mean value for precipitation in the preceedinc 24
hours at each station was 0.1382 inches.

Again it was

assumed that the amount of rainfall at the sampling sites
was the same as that at the recording station.

The mean is

somewhat misleading in that a heavy rainfall of 2.13 inches
preceeding the final sampling contributed 74% of the total
rainfall recorded while 15 of 22 precipitation measurements
were 0.001 inches or less.
The mean chlorine level was 0.60 ppm.

The chlorine

levels were supplied by the sewage treatment plant and
reflected levels only at the EFF over the entire sampling
period.

Low correlation coefficients were associated between

the bacterial counts and the chlorine concentrations.
Bacteriological analysis of water
The mean value for sulfite-reducing organisms (CFU/ml)
isolated at EFF was significantly higher (F = 39.9) than
the means at the other four stations.
are presented in Table 4.

The means and ranges

The periodic trend for sulfite-

reducing organisms isolated on EYF-TSC agar can be seen
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in Figure 9.

The highest counts seemed to occur during the

summer sampling dates.
As described in Materials and Methods, the number of
C. perfringens reported was determined statistically based
on the results of identification tests performed on the
black (sulfite-reducing) colonies picked from the isolation
medium.

As with the sulfite-reducing organisms, the mean

of C. perfringens at the EFF was significantly higher
(F = 31.2) than the other stations.

Means and ranges are

presented in Table 4 and periodic trends are graphically
shown in Figure 10.

The summer month samplings seemed to

yield the highest C. perfringens counts.
The mean of the EFF counts of total aerobic
chemoorganotrophs isolated on Plate Count agar with the
spread plate technique was significantly higher (p<0.05)
than the means of the other four stations (F = 3.48).

The

second highest mean was that of DS#1 which may have reflected
input of organisms from Jennings Creek or cells washed
downstream from the EFF.

The means and ranges of counts

obtained by the spread plate method are presented in
Table 4.
The sediment samples showed an increased number of
sulfite-reducing organisms compared to the water samples
at both EFF and DS#1 (Table 4).

The mean colony count at

DS#1 was approximately twice that of EFF.

A major problem

in enumerating the colonies on sediment sample dilutions
was encountered with excessive blackening of the medium
which often covered the entire plate surface.

This

nd3

sediment

1685
735
(1.4-34) (3.8-61)

nd3

nd3

3,500
(3-300)

means
values given for both means and ranges (expressed as ranges) are those for over the
entire sampling period in CFU/ml.

3nd = not done.

2
range values times 102.

1

Sulfite-reducing2

(3-1650)

9,700

10,000

(1-3000) (3-1300)

48,000

6,500
(2-930)

water

Total aerobic
chemocrganotrophic2

2.0
(0-27)

2.6
(0-16)

4.6
(0-24)

31.4
(0-78)

1.0
(0-10)

water

C. perfringens

5.2
(0-30)

5.0
(0-18)

6.7
(1-29)

46.1
(1-90)

3.2
(0-10)

water

Sulfite-reducing
organisms

DS #3

DS #1

Sampling Sites
DS #2

EFF

,
UPS

Sample

MEANS AND RANGES OF BACTERIA ISOLATED (CFU/ml) AT THE FIVE SAMPLING SITES1

Bacteria

Table 4.
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Figure 9.

Number of sulfite-reducing (black) colonies
isolated on EYF-TSC agar at stations UPS,
EFF, DS#1, DS#2 and DS#3 over 22 samplings.
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Figure 10.

Number of Clostridium perfringens isolated on
EYF-TSC agar at stations UPS, EFF, DS#1, DS#2
and DS#3 over 22 samplings.
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phenomenon precluded at times any attempts to count colonies
thus the results of those samples were recorded as being
"uncountable or UC."

Since there were numerous colonies

in the dilutions of the sediment samples plated, the
usual procedure of picking colonies for identification was
not routinely done so the results are expressed only as
sulfite-reducing organisms per milliliter.

In an attempt

to alleviate the problem of blackening, a second set of
duplicate plates from the sediment and water dilutions was
incubated at 45°C.

The rationale behind this experiment was

based on information presented by Handford (1974) that the
blackening might be due to large numbers of colonies flowing
together on the bottom of the plate and throughout the
medium.

From the 16th to the 22nd sampling the preceeding

procedure was implemented and some decrease in the amount of
blackening was noted in the plates incubated at 4500.

This

result seemed to indicate that some of the blackening may
have been due to large numbers of sulfite-reducing organisms
growing in the medium and that perhaps incubation at 450C
was restrictive to a certain number of these organisms
thus decreasing the amount of blackening.

However, diffuse

blackening was still noted in some plates that had wellformed and well-isolated colonies.

A satisfactory explanation

for the blackening phenomenon was not discovered.
Results of the Coli-Count (Millipore) membrane filter
analysis of the water at three stations (UPS, EFF and DS#1)
for total and fecal coliforms are presented in Table 5.
The test was run on only four occasions, but the results

36
Table 5.

RM COUNTS" AT
TOTAL COLIFORM AND FECAL COLIFO
THREE SAMPLE SITES
Station

Date
Upstream
Fecal

Effluent

Downstream

Total

Fecal

Total

Fecal

Total

7/21/78

16

133

0

59

4

100

9/27/78

3

75

2

82

0

59

11/10/78

o

53

o

53

o

51

2

94

0

95

1

83

1/10/79

7

89

.5

72

1

73

average

1
ml.
Counts are in colony forming units/
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did indicate a relative bacteriological quality of the water.
The means for total and fecal coliforms at each station were
within the Federal Water Pollution Control Administrations
permissible criterion of less than 20 fecal conforms
per milliliter and 100 total coliforms per milliliter for
public water supplies.

However, the levels exceeded the

desirable limits of 0.2 fecal coliforms per milliliter and
one total coliform per milliliter.

The means for fecal

coliforms at EFF and DS#1 were within the Kentucky Water
Control Commissions standards of less than 2 CFU/ml for
waters used for recreational purposes.

However, all three

stations had total coliform count means exceeding the
Commission's standards of less than 10 CFU/ml.
The reverse CAMP test (RCT) proved to be a very reliable
test for the presumptive identification of C. perfringens.
Results of the test trials are presented in Table 6.

Cultures

whose identity had been confirmed as being either C.
perfringens or non-C. perfringens by one of the identification
procedures described in Materials and Methods were used as
test organisms.

A total of 168 cultures were tested with

the RCT procedure.

Results showed that all organisms giving

a positive RCT were C. perfringens, and no organisms identified
as non-C. perfringens gave a positive RCT.
The results of initial testing done to determine the
optimal incubation temperature for enumerating C. perfringens
with EYF-TSC agar are presented in Table 7.

The tests were

undertaken because of conflicting reports by various autLors
recommending Incubating cultures at 350C (Handford, 1974;

4

# of RCT +/- isolates

123

3

1

119

# Identified As
C. perfringens

75

2.2

100

Percent4

45

1

44

0

# Identified As Not
C. perfringens

dicular streaks of C. perfringens and S. aga(lactiae.
4
Percent indicates proportion of test isolate population.

3RCT +/- indicates that
a zone of hemolysis not in the shape of a complete "arrowhead"
was formed between the perpen

2
RCT - indicates that the typical "arrowhead" zone of hemoly
sis was not formed between
the perpendicular streaks of 2, perfringens and S. AgaiA2
Iigt.

25

97.8

0

Percent

1RCT +
means that the typical "arrowhead" zone of hemolysis was formed
between the
perpendicular streaks of C. perfringens and S. ag41,actiae.

168

45

# of RCT - isolates2

Totals

119

Test Isolates

6. RESULTS OF REVERSE CAMP TEST (RCT) TRIALS

# of RCT + isolatesl

Table
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Table 7.

RESULTS OF INCUBATION TEMPERATURE TESTS

Strains of C. perfringens

Incubation
Temperature
(°C)

CFU/ 2 F- values
(p 0.05)
x 10

Trial 1
NCTC 8239
NCTC 8798
CW 143
CW 459
CW 569

35
45
35
45
35
45
35
45
35
45

11.6
12.2
51_0
43.0
39.0
34.0
11.1
14.0

1.02ns

It

9.7
9.2

p.

Trial 2
NCTC 8239
NCTC 8798
CW 143
CW 459
CW 560

35
45
35
45
35
45
35
45
35
45

44.0
38.0
56.0
56.0
16.7
16.6
11.2
10.2
14.7
15.7

0.97ns

/I

p.

Analysis Of Variance Results
Treatment (temperature) F-values; F(1, 4df)

.05 = 7.71
.01 = 21.20

Trial #1 F = 1.02 for treatments; not significant
Trial #2 F = 0.97 for treatments; not significant
1

The sources of the five strains are as follows:
NCTC 8239
NCTC 8798
CW 143
CW 459
CW 569

Isolated from food
Isolated from food
Isolated from food
(food poisoning outbreak)
Isolated from porcine feces
Isolated from porcine feces

2
Each value in table is the average of three plates.
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Hauschild and Hilsheimer, 1974; Shahidi and Ferguson, 1971)
or 45-46°C (Marshall, et Ll., 1965; Smith, 1972).

Overnight

fluid thioglycollate cultures of the test organisms were
serially diluted (ten-fold) in 0.1% peptone-water (w/v),and
triplicate pour plates of EYF-TSC agar were made for each
dilution at each temperature.

Duplicate spread plates of the

dilutions on BAP were used as controls for each of the
organisms at each temperature.

As compared to the BAP

controls, the counts on EYF-TSC agar indicated that neither
the medium or temperature of incubation was inhibitory to
the test organisms.

A statistical analysis of the counts on

EYF-TSC agar at the two temperatures showed no statistical
difference between the two temperatures.

DISCUSSION
The dissolved oxygen levels at all five sampling
stations over the entire sampling period were all above the
minimum level established for freshwater streams.

No

correlation, either positive or negative, was shown between
DO changes and fluctuations in the bacterial counts (i.e.
C. perfringens, sulfite-reducing organisms and total_ aerobic
chemoorganotrophic organism counts) as determined by linear
regression analysis.

The amount of dissolved oxygen

present in a water supply is critical to higher aquatic life
dependent upon oxygen for respiration, but it appears as
though the number of bacteria studied did not fluctuate
significantly because of particular changes in the DO of
their environment.
Levels of pH in the river at all the sampling sites
over the entire year were within acceptable limits for
freshwater streams.
is reported to be

The optimal pH range for C. perfringens

5.5-7.5 (Smith, 1972).

Therefore, optimal

pH ranges were present in the river for C. perfringens.

No

correlation between changes in pH and the bacterial counts
at any of the stations was noted.

Few forms of aquatic life

can exist at pH values of less than 3 or more than 11.
Extremes in pH would be expected to cause a decrease in the
viable bacterial counts.

However, since the pH did not
41
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reach upper or lower extremes it appeared as though pH was
not influencing the bacterial counts.
Turbidity readings were not significantly different
from station to station over the sampling period.

No

correlation was noted between turbidity readings and the
bacterial counts.

Since turbidity indicates the amount of

suspended solid material present in the water which could
stimulate bacterial growth one might expect significant
increase in bacterial counts.

On the other hand, a high

turbidity reading could just indicate the presence of large
amounts of inorganic, organic or non-bacterial material
present in the water.

It is probable that the low numbers

of bacterial organisms monitored in this study did not
comprise a large enough proportion of the total suspended
solids in the water samples to actually influence changes
in the turbidity.

Therefore, the changes might only reflect

fluctuations in other non-measured parameters.

Precipitation

may cause runoff of soil, etc., into the river which could
affect turbidity of the water.

This phenomenon was noted

at the last sampling when it rained 2.13 inches; however,
lower precipitation readings did not seem to influence
the turbidity readings.
The nitrogen-nitrate level at the EFF was substantially
higher than the levels monitored at the other four stations.
This situation was also noted by Cherry et Al. (1970) who
found high nitrate levels associated with effluent from
sewage treatment plants.

A statistical correlation was noted

between the nitrate levels and the C. perfringens and
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sulfite-reducing organism counts at EFF.

No correlation at

the EFF between nitrate levels and total aerobic
chemoorganotrophs was shown.

Likewise nitrate levels did not

influence bacterial counts at any of the other stations.
Although linear regression analysis indicated a correlation
between the levels of nitrate and C. perfringens, sulfitereducing organisms at EFF, it is possible that the
correlation was solely a statistical one and not an actual
correlation.

Ey comparing the variables to one another,

(Table 8), an increase or decrease in one of the bacterial
counts from one date to another did not necessarily mean
that there was a corresponding increase or decrease in the
nitrate level.

The statistical correlation may have been

incidental reflecting that the overall nitrate level at EFF
was higher than the other stations as were the C. perfrinAens
and sulfite-reducing organism counts at EFF.
As was the case with nitrogen-nitrate, the phosphate
levels at EFF were higher than at the other four stations.
A statistical correlation was noted between phosphate
concentrations and the C. perfringens and sulfite-reducing
organism counts at EFF and between the C. perfringens counts
at UPS.

Phosphate levels are important for increased

production of phytoplankton (Thomas, 1969) and may also
increase bacterial reproduction with shorter generation
times (Jones, 1977).

However, the precise pathway(s) by

which the phosphate ions are used is not really known
(Cherry, et Al., 1970).

By examining the data in Table 8

it can be observed that there is apparently no real

2
23

35
22
50
69
78
18
41
2
0

1
16

20
21

'
counts are x 102

22

1

21

4o
45
69
4
42
20
82
60
73
48
82
29
75
89
90
50
50
5

40
30
46
4
21
9
57
47
61

11
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organisms

Sulfite-reducing
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C. perfringens

11
60

12

9

04

7
10
1
14
40

250

3000
2790
700
9
10
120
5
130
48

2
2100

chemoorganotrophsl

Total aerobic

Bacterial Organisms (CFU/ml)

0.2

1.8

4.8

0.4

1.2

0.5
1.4

2.0
2.0
2.0

0.6
2.0
1.2
0.9
0.8
0.8
0.5

nd
nd
nd
nd
nd
nd

0.7

5.3
7.0
5.7
3.5

18.4
14.0

6.6
15.4
12.3
37.4
10.6
4.4
4.4
8.8

2
nd
nd
nd
nd
0.0
.44

0.2
0.7
0.2

.9
1.1
.01
1.2
0.8
0.9
0.4
1.0
0.0
0.6
0.3
0.7
0.6
0.6
0.9
0.7
0.9
1.0

0.0

Nitrate Phosphate Chlorine
(mg/L) (met)
(Pm)

Chemical Tests

COMPARISON OF WATER BACTERIAL COUNTS AND NITRATE, PHOSPHATE AND CHLORINE
LEVELS AT EFFLUENT

12
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19

3
4
5
6
7
8
9
10

1
2

Sampling

Table 8.
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correlation between fluctuations of the bacterial counts
and phosphate levels at EFF.

Therefore, it appeared that

the statistical correlation may only have been a reflection
of a relationship between the increased mean of phosphate
at the EFF and the higher mean of the bacterial counts at
EFF and not a true correlation.

There is no apparent reason

for the statistically derived correlation between the phosphate
levels and C. perfringens counts at UPS.
Iron levels in the water at the five stations were not
correlated with changes in the bacterial count.

iron is

required by many bacteria including C. perfringens as an
important component of enzymes.

A reduction of metabolic

activity and growth in animals occurs with reduction of
available iron (Marcelis, et
1979).

197-; Bisson and Cabelli,

It appeared that the organisms monitored were not

affected or at least did not respond to changes in the iron
content of the river water.

The concentrations and

fluctuations of iron in the river were not great.
Air temperature was not shown to have any statistical
correlation with the bacterial counts at any of the five
stations. It might have been expected that lower air
temperatures over a period of time could cause a lowering of
the water temperature which could possibly slow down bacterial
multiplication in the stream thus leading to lower bacterial
counts.

However, such a relationship was not noted as

apparently the bacterial counts did not respond dramatically
to air temperature changes.
Hoganson and Elliott (1972) stated that water temperature
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bacteria in rivers and
greatly influenced the survival of
(1966) showed that Shige114
lakes. In addition, Wang gI al.
vered from sewage and
spp. were more consistently reco
25°C. Hanes et Al. (1966)
irrigation waters at 15°C than at
rococci had lower
found that counts of coliforms and ente
200 or 30°C. Skinner
death rates at 10°C as compared to
sulfite-reducing organisms
et Al. (1974) showed that counts of
d (in concentrations
isolated from mountain stream watershe
-104 CFU/m1 in
of approximately 10-20 CFU/ml and 102
vely) did not
unpolluted and polluted water, respecti
ough no statistical
correlate with water temperature. Alth
erature and the
correlation was shown between water temp
gh the highest counts
bacterial counts it appeared as thou
organisms (Figure 10
of C. perfrinrsens and sulfite-reducing
water temperature was
and Figure 9) were obtained when the
. It is not apparent
warmer (Figure 8) at least for the EFF
water temperature
from the data exactly how (or if) the
that were introduced
affected the survival of the bacteria
eria that were
into the river by the effluent or the bact
already present in the river.
ortion
e
The river flow did not contribute a larg prop
at the sampling
of the variability of the bacterial counts
sites.

the
It is not apparent how the flow rate affected

vs sulfite-reducing
counts although a graph of flow rate
indicate a negative
organisms at EFF (Figure 11) seemed to
correlation at certain points.

A possible mode for the

in flow rate
effect might have been that with an increase
river via the
those organisms being introduced into the

L.7

Figure 11.

Comparison of river flow rate and sulfite-reducing
organisms at EFF station.
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sewage effluent were also removed from the sampling area
and diluted out faster than if the stream were flowing at
a slower rate.

However, Skinner et Al. (1974) pointed out

that no correlation was noted between stream flow and
sulfite-reducing organism counts in studies conducted in a
mountain stream setting.
Changes in river stage did not correlate with fluctuations
in the bacterial counts.

High water levels might be

expected to wash soil from the river bank into the river and
since the runoff soil could contain C. perfringens and
sulfite-reducing bacteria, it might be anticipated that
high river stage could cause an increase in the level of
the aforementioned bacteria.

However, an effect as noted

above was not observed during the course of the study.
Precipitation in the preceeding 24 hours was not
believed to be a factor in influencing any of the bacterial
counts, but statistical analysis (linear regression)
suggested a correlation between the C. perfringens and
sulfite-reducing organisms counts at DS#1, DS#2 and DS#3
and also with the total aerobic chemoorganotrophic organism
counts at DS#3.

However, when the bacterial counts are

examined in conjunction with the precipitation levels
(Table 9) it can be seen that the precipitation levels do
not really correlate with the counts.

It would appear that

the correlation was only statistical and not actual.
Since chlorine was measured only at EFF, no statistical
analysis between chlorine levels and bacterial counts at
the other stations was done.

Low correlation coefficients

COMPARISON OF PRECIPITATION LEVELS TO BACTERIAL COUNTS AT SELECTED STATIONS
OVER THE SAMPLING PERIOD

1

0.000
0.001
0.001
0.030
0.000
0.140
0,000
0.000
0.000
0.000
0.180
0.000
0.000
0.050
0.000
0.000
0.020
0.000
0.000
0.000
0.350
2.130

uc = uncountable

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
6
3
3
4
4
5
3
2
5
0
10
3
4
7
0
7
2
2
2
2
0
24

DS#1
3
o
o
o
o
3
3
0
4
2
7
3
4
5
0
2
2
2
0
0
1
16

DS#2
o
0
o
o
o
o
0
2
o
0
o
4
0
3
0
2
3
2
0
0
o
27

DS#3
6
6
3
8
6
lo
3
3
5
7
lo
3
7
lo
4
7
6
8
4
1
1
29
3
5
2
3
3
3
3
6
4
6
7
6
4
7
3
5
9
6
5
0
2
18
ucl
2
4
4
3
4
2
2
2
7
9
4
8
8
6
6
6
5
1
1
6
30

DSW1 DS#2 DS#2
1

8000
300
4800
800
600
400
1000
4500
3100
1800
1000
1500
l000
1600
1100
300
3200
6500
1400
800
300
30,000

DSO

Sampling Precipitation
C. Perfringens counts Sulfite-reducing Total aerobic chemorganolevel (inches)
(CFU/ml)
organism counts trophic organisr counts
(CFU/ml)
(CFU/ml x 10)

Table 9.
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were noted with the bacterial counts, but as can be seen in
Table 8 and Figure 12 no significant correlation was evident
over the 22 samplings.

It was initially thought that the

chlorine concentration of the effluent-river water might
have a profound effect on the counts since the chlorine was
added to reduce the bacterial content of the sewage discharge
especially the conforms.

However, the spores of C. perfringens

may have been resistant or at least not adversely affected
by the amount of chlorine present and hence would not be
dependent on that variable.

Likewise the sulfite-reducing

anaerobic organisms as well as some of the aerobic
chemoorganotrophs monitored may have been sporeformers and
thus their levels could fluctuate independent of the
chlorine concentration at EFF.

In fact, the endosporulating

organism Bacillus cereus var mYcoides was isolated from the
effluent and identified by its characteristic colony
morphology on spread plates.
The observation of no true correlation between any of
the various physical-chemical parameters measured and the
bacterial counts are in agreement with observations made by
Jones (1977) who noted that short-term changes in bacterial
populations in aquatic habitats need not be in response to
a single variable and that an observed or calculated
correlation might only be apparent being governed by some
unknown parameter.
C. perfrin.gens was present in the Barren River and in
highest quantity at the EFF.

The same situation was evident

for sulfite-reducing organisms.

These results are in
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Figure 12.

Comparison of sulfite-reducing organism counts at
EFF with water temperature and chlorine
concentrations.
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agreement with those of Matches et

al.

(1974) who found C..1.

perfringens in a river in the highest amounts (4.6 CFU/m1)
at points close to the sewage discharge outfall rather than
at sample points some distance from the discharge.

As

established earlier in this paper C. perfringens is a normal
inhabitant of the human intestinal tract with median spore
concentrations of log 3.4 per gram present in the feces of
healthy individuals (Hauschild, et Al., 1974).

Matches

(1974) also concluded that C. perfringens introduced into
the rivers he studied were of human origin.

The same

conclusion could also be drawn from this study since the
Bowling Green sewage treatment plant processes sewage from
a large population presumably with an ample supply of C.
perfringens vegatative cells and/or spores.

In addition, the

data compiled seemed to preclude any major contribution of
C. perfringens from the soil into the river (and sampling
sites) via runoff due to rain.

However, in order to be

certain of the exact origin of the C. perfringens isolated,
typing of the organisms would need to be done.

Bacterocin

typing of the river isolates is suggested since this
technique could distinguish isolates of human origin
(Mahony, 1974).
Bisson and Cabelli (1979) commented that part of the
problem with utilizing a C. kerfringens indicator system
for fecal pollution was measuring sulfite-reducing
endosporulating anaerobes that were not C. perfringens.
Although the medium used in this study to enumerate and
isolate C. perfringens was reported to be highly selective
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for C. perfringens, the problem of also isolating sulfitereducing organisms in addition to 2, perfringens was
encountered.

The originators of the medium also noted this

problem while using EYF-TSC agar for isolating C. perfringens
from foods and feces (Hauschild and Hilsheimer, 1974).
They stressed the need for additional confirmatory
identification tests to be done on selected colonies.

The

need to follow this procedure when using EYF-TSC agar for
isolating C. perfringens from sewage and water became quite
apparent during this study.

The results of this project

would seem to substantiate the claim of Smith (1972) that
the perfect medium for the isolation of C. perfringens has
not been devised.
The confirmatory media and tests used on a routine
basis gave satisfactory identification of the organisms
picked as being either C. Perfringens or non-C. perfringens.
The tests were selected because of their ability to distinguish
C. perfringens from other Clostridium sPP. but were not
designed to speciate the organisms that failed to be
identified as C. perfringens.

Intense nitrate reactions and

clear motility reactions were evident when using SNM medium.
LG medium gave easily read lactose fermentation and gas
production and was reliable for observing gelatinase
hydrolysis.

However, gelatinase negative or slow gelatin

hydrolyzing _g_t_ perfringens were encountered sporadically.
In those cases an additional 24 hours incubation of the LG
tube or else identification based on other tests (particularly
the BBL-Minitek system or GLC) were necessary to adequately
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identify these isolates.

A full range of hemolytic intensities

was seen throughout the study with the C. perfringens
isolates which was in agreement with hemolytic patterns
observed by Hauschild and Hilsheimer (1974) in their studies.
Nevertheless, in all instances the BAP medium demonstrated
adequately the typical double zone of beta-hemolysis formed
around well-isolated colonies.
The lead acetate saturated disk method for determining
H S production by C. perfringens (Hauschild, et
2

1974;

Whaley, personal communication, 1978) often helped in the
identification process but was not a highly reliable test.
The darkening of the disk was not always intense or immediate
and often it was difficult to ascertain if the organism
did indeed produce H2S.

This may have been due to H2S

negative strains of C. perfringens or else strains of C.
perfringens that produced such low quantities of H2S gas that
the test became insensitive.

The disks themselves may not

have been equally saturated with lead acetate resulting in
some questionable results.
The RCT was demonstrated to be a reliable adjunct to
the presumptive identification of the EYF-TSC agar isolates
as C. perfrinFens.

As reported by Gubash (1978) the

arrowhead formation indicative of a positive test is
presumably due to a synergistic hemolysis reactions
between C. perfringens alpha-toxin and the CAMP factor of S.
avalactiae on blood agar.

Studies done in this project

indicated that only the C. perfringens isolates were able to
elicit the synergistic hemolysis phenomena with a Lancefield
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group B beta-hemolytic streptococcus (S. agAlactiae) strain
that produced the CAMP factor while other Clostridium sPP.
did not give a positive reaction.

However, additional

studies with known hemolytic strains of various Clostridium
SPR. is needed to firmly establish that the arrowhead formation
as being unique to C. perfringens among the clostridia.

It

was also noted that one C. Perfrincens isolate failed to
give a positive RCT and that three other C. Perfringens
gave an intermediate (+/-) reaction.

A reason for the lack

of a good positive test might be due to the lack of or
lower amounts of sphingomyelinase C or phospholipase C
fraction of the alpha-toxin as suggested by Gubash (1978).
In addition, a proper ratio of CAMP factor to enzyme needs
to be present so that the typical arrowheads form.
Therefore, in the instances where abnormal or non-existent
arrowheads were formed, the proper ratio may not have been
present.

Since this may be the first study in which the

RCT has been tested, it is obvious that much work can be and
needs to be done to fully understand the molecular basis
for this synergistic reaction.
The overall bacteriological quality of the river water
and in particular the sewage effluent was quite good.

This

assessment is based on the results of the coliform content
and also on the relatively low C. Perfrinrens counts
encountered at the effluent and other stations.

The total

conform and fecal coliform counts were actually lower at
the effluent and downstream than the water upstream from the
discharge point (Table 5).

A possible explanation for this
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observation was suggested by Lovan et Al. (1972) who noted
this effect at the Bowling Green sewage treatment plant
outfall as well as around the sewage outfalls of other
municipalities on the Barren River.

They hypothesized that

the lower counts at the discharge point and downstream
could have been due to residual chlorine from the effluent
killing the coliforms that had been present in the water
before its passage by the discharge.

Alternatively, the

lower counts might be explained by a diluting effect on the
river water by the cleaner sewage effluent.

Regardless of

the factor(s) controlling this effect, it is of interest to
note that the same situation was seen in two seperate
studies done seven years apart.

Also the bacteriological

quality of the river was good as determined by quantitating
the total number of aerobic chemoorganotrophic bacteria by
the spread plate method.

The water, as described by the

saprobic system presented by Wilber (1969), wculd be considered
to be between the oligosaprobic (100 CFU/ml) and
beta-mesosaprobic (100,000 CFU/ml) zones.
Smith (1972) has calculated that about

5 x 108 - 5 x 109

vegetative cells of C. perfringens are needed to cause
disease as manifested by gasteroenteritis.

Skjelkale

and Uemura (1977) discovered that ingestion of

6-8

milligrams of C. perfringens enterotoxin was required to
cause gasteroenteritis in healthy human subjects.

Although

the river was not assayed for the presence of enterotoxin,
it was observed that the highest concentration of C.
perfringens was 78 CFU/ml at EFF on the 16th sampling.
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Therefore, on a numerical basis, the levels of C. perfringens
present in the river water in the sampling area could be
considered not to pose a great health hazard.

However,

since C. perfringens can cause gas gangrene and the contact
of a few spores or vegetative cells with an open wound could
potentially result in an infection, the pathogenic potential
of the organisms encountered still needs to be realized.
In particular, the sediment samples obtained contained
substantially higher numbers of sulfite-reducing anaerobes
than did any of the water samples.

Based on the ratio of

sulfite-reducing organisms to C. perfringens in the water
samples it might be implied that the sediment would also
contain higher amounts of C. perfringens than the river
water.

The sediment organisms could represent settling of

the C. Perfringens from the effluent discharge as the water
moved downstream, but whatever their source it might be
implied that the sediment may also serve as a potential
source of infectious organisms.
The information accumulated in this study could
possibly be used to set up a monitoring system for river
water using C. perfringens counts on EYF-TSC agar as an
indicator of fecal pollution.

A baseline (mean) value of

31 CFU/m1 (C. perfringens) was established for water issued
from the sewage treatment plant effluent of Bowling Green,
Kentucky.

It can then be suggested that if counts of C.

perfringens at river sites i.e. inlets of tributaries,
discharge pipes etc. exceed a predetermined level, such as
31 CFU/m1 of C. perfringens suggested by this study, the
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count might be indicative of fecal pollution occuring at
that site.

However, the minimum level that must be exceeded

to be considered significant would need to be established
for the particular area to be monitored.

In addition the

timing and frequency of samplings at the site would need to
be determined since a single sample yielding a count less
than the predetermined significance level would not
necessarily rule out sewage or fecal contamination since
in this study sewage discharge was still occuring even though
counts below the mean were obtained.

Finally, the need to

do confirmatory tests, which are both time consuming and
costly, might preclude the widespread use of a C. perfrirlgens
as suggested except in cases where another indicator had
failed or was not believed to be applicable.

CONCLUSIONS
Clostridium RELIEILEtn2 was observed to be present in
the Barren River at five sampling sites located at varying
distances upstream and downstream from the Bowling Green,
Kentucky sewage treatment plant discharge.

The EFF station,

which consisted of samples taken directly from the sewage
outfall pipe, had the highest C. Perfringens counts with an
average of 31 CFU/ml per sampling over the year long
experiment.

The data compiled seemed to indicate that the

sewage effluent contributed significant numbers of C.
kerfringens to the river although the number of cells were
theoretically not sufficient to be considered a significant
health hazard.

The C. perfrinp,ens introduced into the river

did not remain suspended in the water for a long distance
downstream from the effluent since by the DS#1 station the
average C. perfrin,gens count in the river water had dropped
to 5 CFU/ml per sampling.

The high counts of sulfite-reducing

anaerobes present in the sediment near EFF and DS#1 stations
would seem to indicate that the bacteria were settling out of
the water and multiplying in this anaerobic environment.
Of all the physical and chemical parameters measured,
none was believed to significantly control or determine the
number of C. perfringens, sulfite-reducing organisms, or
total aerobic chemoorganotrophic bacteria surveyed.
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The
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nitrate and phosphate levels at EFF were significantly
higher than at the other four stations.

A linear regression

analysis indicated a correlation between the nitrate and
phosphate levels and the C. Perfringens and sulfite-reducing
organisms counts at EFF, but close inspection of the data did
not bear out the relationship.
The medium selected for use in this study, EYF-TSC agar,
proved to be useful in isolating and enumerating C. Perfringens
from river water and sewage effluent; however, the need to
perform confirmatory tests was evident.
A new presumptive identification test for C. Perfringens
called the reverse CAMP test (RCT) was introduced in this
study and proved to be a reliable test.

All of the isolates

tested that were RCT positive were identified as C.
Perfringens while none of the isolates that had been identified
as non-C. perfringens gave a positive test.
This seasonal study has shown that C. perfringens
is indeed introduced into the Barren River via the sewage
treatment plant effluent.

The data obtained may prove useful

to future investigations that may require baseline data
using C. perfringens as an indicator organism in the
Bowling Green sewage treatment plant effluent area.
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